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Osteoporosis, for years a disease of little interest despite being common and crippling, is becoming fashionable. Not only do satellite travellers,' obsessive slimmers,2 and women long distance runners3 seek to prevent bone loss but also many premenopausal and perimenopausal women now ask about their skeletal future. Will they lose bone and, if so, how fast? Are their bones likely to fracture and their frames to shrink? And if so what can be done?
Research provides some answers. In addition to the voluminous data on mineral metabolism, we now have some idea of how bone cells talk to each other,4 how mechanical forces affect the skeleton, 5 and even what genetic factors determine bone mass.6 Furthermore, we can measure with some accuracy the density of bone in both the central and peripheral skeleton, although we find it difficult to interpret the results. The many reports on osteoporosis have recently been well reviewed. 7 Despite such advances important and familiar problems remain unsolved, and new ones arise. How does bone loss occur? What is the relation between osteoporosis and fracture rate? What is the effect of calcium on the skeleton? And should perimenopausal women have their bone mass measured?
Physiology of bone loss
To understand how loss of bone occurs one should know something of its physiology. 8 The main components of bone are cells, the organic matrix, and minerals. Of central importance is the osteoblast,9 which is a specialised fibroblast that synthesises bone collagen (and other components of the matrix), controls its mineralisation, receives and translates mechanical forces, and modulates osteoclastic activity. The osteoclast, a cell of haemopoietic origin that resorbs bone, may depend on the osteoblast for many of its actions; it appears to have no receptors for parathyroid hormone or oestrogen, although it is reversibly subdued by calcitonin. The osteocytes, which are derived from surviving osteoblasts, contribute to the integrity of the bone.
Whatever its age, the skeleton is continuously being removed by osteoclasts and replaced by osteoblasts. This renewal is most rapid in the young. Where bone mass is constant-as in the young adult-these activities are precisely linked. On the surface of bones the cells work in sequence: activation of osteoclasts is followed by about two weeks of resorption; next there is a reversal phase and then for two to three months osteoblasts make new bone. This complex process works in groups of cells called "basic multinuclear units" in both cortical and trabecular bone.'0 Bone mass reaches a maximum at about age 30 and then declines as the cells "uncouple" and osteoclasts begin to dominate. Endosteal resorption in the long bones outstrips periosteal formation, and cortical thickness decreases; major trabeculae are thinned in the vertebrae and elsewhere, and minor trabeculae perforated by osteoclasts may be irreversibly lost. Bone loss is more rapid in trabecular than in cortical bone because the surface area is greater. During a lifetime women lose about a third of cortical bone -and half of tracebular bone, whereas men lose two thirds of these amounts."
Bone mass is in part determined by genetic factors. Some races and some families have smaller, lighter, and more gracile bones than others; and juvenile and adult radial bone mass (and width) is more closely related in monozygotic than dizygotic twins. Women have smaller skeletons than men, although the maximum density of vertebral bone may be similar.'2 Mechanical forces and hormones act on this genetic background to determine eventual bone mass and often act in opposing directions. 13
Causes of osteoporosis
The commonest causes of bone loss are old age, immobility, and the menopause. Less common causes (but important because of the lessons they provide) are hypercorticolism, hypogonadism, hypopituitarism, and inherited osteoporosis (osteogenesis imperfecta). Idiopathic osteoporosis also occurs in young persons or related to growth or pregnancy.
How do these forms of osteoporosis come about? Perhaps the simplest to understand is osteoporosis of old age ("senile" or type II osteoporosis7) in which osteoblasts fail adequately to replace resorbed bone. Each osteoblast makes less bone matrix than normal'4 and may respond poorly to mechanical factors. With immobility in the younger person it is the mechanical forces that are lacking: rapid uncoupling occurs and is not corrected until mobility returns. Mysteriously, osteoblastic failure is accompanied by an increase in osteoclastic resorption.'5 The deleterious effect of bed rest on the skeleton has been known for years," and dual photon absorptiometry has now been used to confirm the loss of vertebral bone in patients confined to bed with prolapsed intervertebral discs. '7 The cause of postmenopausal bone loss is still debated. Not all densitometric studies show accelerated bone loss at this time (and such loss is certainly less than after premenopausal oophorectomy). The suggestion that lack of oestrogen allows increased parathyroid mediated bone resorption has little support. Similarly, measuring plasma calcitonin concentrations in patients with osteoporosis has given contradictory results.
Osteoporosis in hypercorticolism is most dramatic in Cushing's syndrome, but more common in patients taking corticosteroids, and results from reduced osteoblastic activity. In thyrotoxic bone disease rapid turnover leads to resorption being greater than formation. Hypogonadism in young men is a well known (though often unrecognised) cause of osteoporosis. Severe osteoporosis can occur in women during pregnancy: the cause seems not to be excessive bone resorption but rather failure of the usual changes in calciotrophic hormones that protect the maternal skeleton.'8 The cause of temporary osteoporosis associated with growth (juvenile osteoporosis) remains an enigma,'9 but the aetiology of osteoporosis in osteogenesis imperfecta has recently been clarified. In its mild form the collagen output of each osteoblast is cut by about half, whereas in its most severe form helix formation is defective in three quarters of the collagen molecules because of mutant chains being incorporated. This leads to a functionally useless skeleton and perinatal death. 20 Recent work re-emphasises that hypogonadism is bad for the skeleton. Bone density is reduced ( viduals osteoporosis is probably related to the low mean oestrogen concentrations (although reversible hypercorticolism occurs in anorexia nervosa) and may be overcome by vigorous exercise. Similar oestrogen deficiency presumably contributes to the stress fractures of young ballet dancers; their frequency is related to delay in the menarche and the incidence and duration of secondary amenorrhoea. 23 These rare causes of osteoporosis emphasise the interaction of mechanical, genetic, and hormonal factors on the skeleton. They also pinpoint the likely risk factors for osteoporosis: a strong family history of osteoporosis; short stature and small bones; early menopause; white or Asian race; inactivity; cigarette smoking; low calcium intake; leanness; nulliparity; and excessive alcohol consumption.724 Doubtless these are interrelated.
Recent work points to the bad effect of alcohol on the skeleton. Of 96 heavy drinkers attending a Veterans Administration hospital, 45 had radiographic evidence of extensive bone loss and about one third were aged 31-45.25 In another study of 22 alcohol abusers six had histological evidence of osteoporosis with reduction in mean wall thickness of trabecular bone packets, supporting other evidence that alcohol directly damages bone cells.26 27 
Osteoporosis and fracture
Fractures in patients with osteoporosis can be seen either as mainly a problem of the bones7 or as mainly a result of increased falls.28 Bone mass declines with age and in an increasing proportion of people reaches the "fracture threshold"-a level above which fracture does not usually occur without severe trauma. Below this "threshold" fractures are likely, but predicting who will sustain them (particularly in the hip) is virtually impossible (figure) In a skeletal Utopia the maintenance of early adult bone mass throughout life would eliminate non-traumatic fracture (or so it is thought). In real life the doctor does not begin to deal with osteoporosis until after a fracture has occurred.
Treatment of osteoporosis with fracture
Many accounts of osteoporosis fail to mention the individual patient. If we exclude those whose first symptoms come from a broken forearm or hip the main presenting complaints are loss of height and pain in the back. Loss of stature may either be dramatic or not have been noticed; the pain is likely to come after unusual spinal stress, such as moving furniture or heavy shopping. The patient is worried whether the rapid loss of height will continue (How far will I shrink?) or whether the back pain will persist. Provided the diagnosis is correct she may be reassured on both points"13:
loss of height is not linear (its apparently rapid rate is often deceptive since it may have been occurring for several years); and back pain is only intermittent (patients usually present shortly after an episode ofvertebral collapse-so a period free of symptoms is likely to follow).
After giving an explanation to the patient the doctor should relieve pain (with analgesics, a temporary light support for the back, or both), remove factors likely to worsen bone loss (for example, smoking or excessive alcohol consumption), avoid stresses likely to induce fractures, and plan treatment for the future. In theory further bone loss should be minimised by stimulating formation or reducing resorption, but as these processes remain coupled, although imbalanced, no single treatment is likely to have an exclusive effect on either.
Bone formation regimens
Bone formation regimens include physical exercise or the use of sodium fluoride. Synthetic 1-34 parathyroid hormone fragments, oral phosphate (with calcitonin), and anabolic steroids have little effect. The patient with painful crush fractures of the vertebrae will find exercise difficult, but others should exercise within the limit of pain. Swimming, where the weight of the body is supported, is often acceptable.
Sodium fluoride stimulates osteoblasts and is incorporated into the bone as fluorapatite.33 It reduces the vertebral fracture rate, especially if used with other agents such as calcium and oestrogens.34 It has, however, variable and troublesome side effects, and up to a third of patients show no anabolic response. Furthermore, it may cause a redistribution of mineral within the skeleton, and the optimum dose and length of treatment are not established. For these reasons it should be used only in research centres. 3
Antiresorptive measures
Three drugs appear to act by reducing bone resorptioncalcium, oestrogen, and calcitonin. There is no advantage in giving vitamin D or its metabolites unless the patient has osteomalacia. Injectable calcitonin is not used in Britain mainly because of its side effects and expense, but alternative preparations, such as nasal sprays, may become available. Oral calcium is widely used, although there is doubt about its efficacy (see below). Oestrogen does work, but the difficulty is to decide who should get it.
Prevention
It is not (yet) possible to alter the genetic contribution to bone mass, but it must be important to establish a maximal bone mass in early adult life (regardless of the rate of subsequent decline). The main way of doing this is to use the skeleton,35 but the factors that lead to bone loss should also be avoided. If calcium has any anabolic effect on the skeleton then it is likely to be during its growing period, and the daily intake should be up to 1500 mg.
Women are likely to have three questions as they approach the menopause: Should I have my bone mass measured? Should I take additional calcium? Should I take oestrogens?
In the United States instruments for measuring bone mass are widely available, and patient demand, widespread advertisement, and likely financial reward all suggest that most women between the ages of 45-70 years should be screened for osteoporosis. Ott, however, has pointed out the fallacies of this approach.37 Although bone mass measurements are accurate in the laboratories which have developed them, they are not elsewhere. Normal values differ between centres and with age, sex, and race, and the degree of bone loss varies from one skeletal site to another-so that forearm bone density will not reflect that in the vertebrae.
But even if the accuracy of "routine" measurements of bone density can be improved, using them to predict the likelihood of fractures in an individual is difficult, if not impossible (figure).38 This is especially true for fracture of the hip. Additionally, the rate of bone loss is very variable.
The question of whether to take additional calcium has found recent space in Science.39 There is a considerable evidence, including from classic calcium balance studies,' that calcium is good for the young skeleton and that low calcium intakes, with persistently negative calcium balances, contribute to bone loss-and Western diets contain less calcium and more fibre than they used to. The effectiveness of calcium in reducing bone loss is, however, slight or non-existent4' and has often been assessed in conjunction with other treatments-fluoride,' oestrogen,4' or exercise.
The National Institute of Health's recommendation43 that the daily calcium intake of premenopausal women should be 1000 mg and that of postmenopausal women at least 1-500 mg has not been supported by two studies that show no relation between calcium intake and bone density (including that of the spine)."45 Calcium supplements will continue to be prescribed, however, on the grounds that a low calcium diet must be bad, that additional calcium does no harm (and might do some good), and that it costs little (but more than oestrogens). This state of affairs is unsatisfactory and needs urgent clarification.
The third question about the effectiveness of oestrogen seems less controversial. The evidence that oestrogens prevent bone loss and reduce fracture rate in postmenopausal women is substantial,' and the experience of using this treatment in younger women who have had their ovaries removed can, it seems, be carried into later years.47 There are two main problems with oestrogen treatment: is it worth the risk, and who should be treated?
Identifying those likely to have oesteoporosis (and who are therefore candidates for oestrogen treatment) has been 331 considered,24 and the risks of taking oestrogen are being reassessed. The increased incidence of endometrial cancer (to about 1% per year) is well known but can be disregarded in patients who have had a hysterectomy. Other quoted side effects of prolonged oestrogen treatment include an increase in breast cancer, venous thrombosis, pulmonary embolism, hypertension, heart attacks, strokes, and gall stones. But the risks of these occurring (except for gall stones) have probably been overestimated, and postmenopausal women taking oestrogens may have a lower overall mortality than those not receiving treatment. 48 If this proves to be true the doctor's approach to treatment will be altered. While advantages and disadvantages of oestrogen continue to be unclear, the decision to take them still depends largely on the patient after adequate explanation by the doctor. It appears safer (and possibly more effective49) to prescribe continuous oestrogens with intermittent progestogen (10 days out of 28), but because this may cause a return of uterine bleeding the patient may not find it acceptable.
Conclusion
The enormous amount of research in osteoporosis has led us into some difficulties. We are uncertain about the contribution of osteoporosis to the high rates of fractures in the elderly, and we cannot explain the disproportionate increase in the rate of femoral neck fracture.50 Methods for measuring bone density do not forecast the chance of an individual fracturing a bone,5' but they do cast doubt on the usefulness of treatment with oral calcium. Qualitative as well as quantitative changes in osteoporotic bone may predispose to fracture.52 Improved treatments will require a better understanding of bone and particularly of the response of its cells to mechanical and hormonal stimuli.
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